Multicomponent reactions and domino reactions are among the most effective and straightforward methods for the diversity-oriented synthesis of heterocycles. [1] [2] [3] [4] [5] [6] [7] [8] The use of multicomponent domino reactions is effective in reducing amounts of chemical waste produced, with shorter reaction times, higher overall yields, and clean syntheses compared with multistep syntheses.
Thiazole-2(3H)-thione and its derivatives are important building blocks in various pharmaceutical and biologically active compounds.
9 Several synthetic methodologies are available for the synthesis of the thiazole-2(3H)-thione skeleton.
10 One general method for preparing thiazole-2(3H)-thiones involves the reaction of chloroacetaldehyde, 11 chloroacetone, 12 or phenacyl bromide 12 with ammonium dithiocarbamate. The reaction of cis-or trans-2,3-dialkylaziridines with carbon disulfide has also been successfully used to synthesize thiazole-2(3H)-thiones. 13 Thiazole-2(3H)-thiones have also been prepared by the reaction triethylammonium salts of dithiocarbamates with 2-(4-nitrophenyl)oxirane followed by dehydrogenation of the thiazolidine ring.
14 However, all these methods suffer from drawbacks such as extended reaction times, low yields, the use of toxic solvents or reagents, requirements for excess reagents or catalysts, difficult workup procedures, or harsh reaction conditions. We therefore wished to develop a convenient, one-pot, practical method for the preparation of fully substituted 4-aminothiazole-2(3H)-thiones.
As part of our ongoing studies on the construction of sulfur-containing heterocycles, [15] [16] [17] we report a novel onepot, three-component, domino synthesis of 4-aminothiazole-2(3H)-thiones by the reaction of carbon disulfide with a primary aliphatic amine and an aryl(bromo)acetonitrile in the presence of sodium carbonate and a catalytic amount of sodium iodide in ethanol (Scheme 1).
Scheme 1
At the outset of our studies, we chose benzylamine (1a) as a substrate, and we treated it with bromo(phenyl)acetonitrile (2a) and carbon disulfide in the presence of sodium carbonate and a catalytic amount of sodium iodide in ethanol. As shown in Table 1 , sodium iodide has a vital role in the reaction, and only a very small yield of product 3a (10%) was obtained in its absence (Table 1 , entry 1). The yield increased dramatically when a catalytic amount of sodium iodide was added to the mixture (entries 2 and 3). However, the yield fell on increasing the temperature to 50 or 70 °C (entries 6 and 7, Table 1 ), possibly due to unwanted side reactions. Finally, we optimized various reaction parameters such as the amount of catalyst, the type of solvent, and the temperature, and we found that 0.5 equivalents of sodium iodide at 25 °C in ethanol gave the desired product 3a in excellent yield (94%; entry 3). Next, we examine the scope of our method for a range of primary amines and bromo(phenyl)acetonitriles, and the results are summarized in Table 2 .
Table 2 Synthesis of Various 4-Aminothiazole-2(3H)-thiones a
A plausible mechanism for the reaction is shown in Scheme 2. Dithiocarbamate 5 formed by the initial reaction of amine 1a with carbon disulfide, activated by sodium carbonate, undergoes nucleophilic attack on iodo(phenyl)acetonitrile (4), formed by displacement of bromine from nitrile 2a by iodine. Subsequent cyclization of intermediate 6 and tautomerism affords product 3a.
Scheme 2
In summary, we have developed a novel and efficient three-component protocol for the synthesis of 4-aminothiazole-2(3H)-thiones. Significant advantages of this method include the use of simple and readily available precursors, easy workup, and very short reaction times. 
